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Beenenne. MexxiierouHas KOMMYHHUKALMsI HOCPEACTBOM 3K30COM MIpaeT KIIKOYEBYIO POJb B
pEryysllMd MMMYHHOI'O OTBETa W PETEHEPAaTUBHBIX IPOLECCOB. Me3eHXMMalbHbIE CTBOJIOBbBIE
kiaetkn (MCK) wu3BecTHbl CBOMMH HMMYHOMOIYJHUPYIOIIMMH CBOHCTBaMH, OJHAKO BIIUSHHE
ceHecleHTHbIX M3MeHeHuii MCK kak KOMIIOHEHTa mpolecca CTapeHHs Ha (YHKLUHOHAIbHYIO
AKTUBHOCTh HMMMYHHBIX KIIETOK - Makpo(aroB uepe3 3K30COMAIbHBIE MEXaHHU3MBI OCTACTCS
manon3ydeHHbIM. Llesb. Onpenennuts BiusHue 3k30coM, BeiaeneHHbIX 0T MCK ¢ / 6e3 mpu3Hakamu
CEHECLIEHTHBIX U3MEHEHUH, Ha SKCIPECCHUIO F€HOB, ACCOLIMMPOBAHHBIX CO CTAPEHHEM, BOCIIAIIEHUEM
U nossipu3anueid MakpogaroB uyenoeka. Marepuanabl M Meroabl. MCK Obutu BbIIENCHBI U3
YKUPOBOI TKaHU JIOHOPOB M KYJIbTHBHPOBAHBI 110 CTAaHAAPTHOMY IPOTOKOJIY B OECCHIBOPOTOUHOM
KynpTypanbHol cpene. CenecrentHoie n3mMeHeHuss MCK Obut MHAYUHMPOBAHBI OKUCIUTEIHHBIM
noBpexaeHueM (H202, 200MkmoItb/ 149ac). Dk30COMBI BBIACISUIA U3 KOHIUITMOHUPOBAHHOM CPEIbl U
UMHKYOupoBaJiu ¢ Makpodaramu B TeueHue 24 yacoB B CTaHAAPTHBIX YCIOBHSIX. DKCIPECCUIO T€HOB
pl6, p21, IL-6, IL-8, TGF-13, MCL1 u CEBPB B makpodarax onpexnensin metrogom OT-TILIP.
Br160op pedepencroro rena GUSB 00ycnoBiieH moaTBepKACHHBIMA MUHUMAIbHBIMA U3MEHEHUSMU
€ro JKCIpeccHud B craperommx kierkax. Pesyabrarbl. Co-KylbTHBHpOBaHHE MakpodaroB c
sk30comamu ceHeclleHTHIX MCK cnocoOcTBOBajio 3HAUMTENbHOMY MOBBIIIEHUIO 3KCIPECCUU
MapKepoB KieToyHoro crapenus plé u p2l - B 2,4 u 2,8 pa3a, COOTBETCTBEHHO, B CPaBHEHUU C
apdexTom 3x30com MCK 6e3 npusHakoB ceHeclieHTHOCTH. Hambonee BbIpaskeHHbIE M3MEHEHUS
HAOJTIOTATKCH JIJTST SKCTIIPECCUH MTPOBOCTIAIUTETBHBIX ITUTOKHHOB IL-6 u IL-8 - yBenuuenue B 6,7 u
8,3 pasa, COOTBETCTBEHHO. JDKcIpeccus aHTHanontoruyeckoro ¢pakropa MCL1 Oblna noBellieHa B
8,1 pasa, a TpaHckpumnuuonHoro ¢aktopa CEBPB — B 4,3 pasa. Ilpu stom yposens TGF-1B
BO3pacTajl MeHee 3HauuTenbHO (B 1,7 paza). Dx3ocombl HeceHeclieHTHBIX MCK He BbI3bIBANIN
CYLIECTBEHHBIX HM3MEHEHUH B DJKCIPECCHUM UCCIEAYEMBIX TI'€HOB. 3aK/II4eHHe. OK30COMBI
ceHecuieHTHbIX MCK cnioco6cTBYIOT popMUPOBaHNIO TPOBOCHAIUTENBHOIO PEHOTHIIA MAKPO(aroB.,
0 4YE€M CBHUJIETEIbCTBYET 3HAUMTENIbHOE MOBbIIeHUE sKkcnpeccuu IL-6 u IL-8. OnmHOBpemeHHOE
YBEJIMUEHUE DKCIPECCUU MapKEPOB KJIETOYHOI'O CTAapEHHUs YKa3bIBA€T HA BO3MOXKHBIM MEXaHHM3M
nepeaaun ceHecueHTHoro ¢exHoruna or MCK k makpodaram mocpescTBOM 3K30COM, YTO MOXKET
ABJIATHCS MOTEHLHAIBHBIM MOJIEKYJISIPHBIM MEXaHHU3MOM Pa3BUTHS XPOHUYECKOTO BOCHAICHUS U

BO3pacT-aCCOLIMMPOBAHHBIX 3a00I€BaHUM.
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Background: Intercellular communication via exosomes plays a key role in regulating immune
responses and regenerative processes. While mesenchymal stem cells (MSCs) are known for their
immunomodulatory properties, the effects of senescent MSCs-as a component of the aging process-
on the functional activity of immune cells, particularly macrophages, through exosomal mechanisms
remain poorly understood. Objective: To determine the effect of exosomes isolated from MSCs with
and without senescent characteristics on the expression of genes associated with aging, inflammation,
and polarization in human macrophages. Materials and Methods: MSCs were isolated from donor
adipose tissue and cultured using standard protocols in serum-free medium. Senescent changes in
MSCs were induced by oxidative stress (H,O,, 200 pumol for 1 hour) following established
procedures. Exosomes were isolated from conditioned medium by ultracentrifugation and incubated
with macrophages for 24 hours under standard culture conditions. Gene expression of p16, p21, IL-
6, IL-8, TGF-B1, MCL1, and CEBPB in macrophages was analyzed by RT-PCR. The reference gene
GUSB was selected based on its confirmed minimal expression variation in senescent cells. Results:
Co-culture of macrophages with exosomes from senescent MSCs led to significant upregulation of
cellular senescence markers p16 and p21 (2.4-fold and 2.8-fold increases, respectively) compared to
exosomes from non-senescent MSCs. The most pronounced changes were observed in pro-
inflammatory cytokine expression, with IL-6 and IL-8 increasing 6.7-fold and 8.3-fold, respectively.
Expression of the anti-apoptotic factor MCL1 was elevated 8.1-fold, while the transcription factor
CEBPB increased 4.3-fold. TGF-B1 levels showed a more modest increase (1.7-fold). Notably,
exosomes from non-senescent MSCs did not induce significant changes in the expression of any
genes studied. Conclusion: Exosomes derived from senescent MSCs promote a pro-inflammatory
phenotype in macrophages, as evidenced by substantial increases in IL-6 and IL-8 expression. The
concurrent upregulation of cellular senescence markers suggests a potential mechanism for
transferring the senescent phenotype from MSCs to macrophages via exosomes, which may represent
a molecular pathway underlying the development of chronic inflammation and age-associated

diseases.



